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' N 

OBJECTIVE: Scarce data are available on the occurrence of symptomatic intracranial hemorrhage related to 
intravenous thrombolysis for acute stroke in South America. We aimed to address the frequency and clinical 
predictors of symptomatic intracranial hemorrhage after stroke thrombolysis at our tertiary emergency unit in 
Brazil. 

METHOD: We reviewed the clinical and radiological data of 117 consecutive acute ischemic stroke patients 
treated with intravenous thrombolysis in our hospital between May 2001 and April 2010. We compared 
our results with those of the Safe Implementation of Thrombolysis in Stroke registry. Univariate and mul- 
tiple regression analyses were performed to identify factors associated with symptomatic intracranial 
transformation. 

RESULTS: In total, 113 cases from the initial sample were analyzed. The median National Institutes of Health Stroke 
Scale score was 16 (interquartile range: 10-20). The median onset-to-treatment time was 188 minutes (interquartile 
range: 155-227). There were seven symptomatic intracranial hemorrhages (6.2%; Safe Implementation of 
Thrombolysis in Stroke registry: 4.9%; p = 0.505). In the univariate analysis, current statin treatment and elevated 
National Institute of Health Stroke Scale scores were related to symptomatic intracranial hemorrhage. After the 
multivariate analysis, current statin treatment was the only factor independently associated with symptomatic 
intracranial hemorrhage. 

CONCLUSIONS: In this series of Brazilian patients with severe strokes treated with intravenous thrombolysis in a 
public university hospital at a late treatment window, we found no increase in the rate of symptomatic intracranial 
hemorrhage. Additional studies are necessary to clarify the possible association between statins and the risk of 
symptomatic intracranial hemorrhage after stroke thrombolysis. 
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INTRODUCTION 

Acute ischemic stroke is one of the leading causes of 
mortality and disability worldwide and represents a life- 
changing and ominous event for many patients (1). Currently, 
intravenous thrombolysis with tissue plasminogen activator 
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(TP A) is the only approved medical therapy for acute 
ischemic stroke aimed at arterial recanalization. However, 
the use of such therapy has been relatively low, partially due 
to its narrow therapeutic window but also because of 
concerns about the risk of symptomatic intracranial hemor- 
rhagic transformation (SIH), which may be associated with 
clinical deterioration and death (2-4). 

Reliable predictors of SIH are still under debate. In a 
systematic review that included 12 studies, there was 
considerable variance between results, and no predictor of 
SIH was common to all studies (5). Defining the accurate 
risk factors for SIH could increase the safety of TPA 
treatment for stroke and should eventually reduce the 
unnecessary concerns about its risks. 
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Stroke is the main cause of death in Brazil, which has a 
higher age-adjusted mortality rate related to this condition 
than other South American countries (6-8). Little information 
exists on the safety of thrombolysis and the occurrence of 
SIH in South America (9-11). Recent studies found alarming 
results on public stroke awareness, delays in hospital 
admission and high stroke-related in-hospital mortality in 
Brazil (12,13). Nevertheless, there are few data about the 
safety of IV TPA for stroke in the country. SIH may be more 
common among more severe stroke patients (14), and the 
impact of late admission and, consequently, of late onset-to- 
needle time on the safety of IV TPA is also a matter of concern. 

In this study, we aimed to determine the frequency of SIH 
and the factors associated with its occurrence among 
patients with an acute ischemic stroke treated with IV 
TPA at our public tertiary emergency unit in Brazil. 

PATIENTS AND METHODS 

We reviewed our institutional prospective stroke registry 
to identify all patients treated with IV TPA at the emergency 
unit of our hospital from May 2001 to April 2010. This 
prospective registry and this study were approved by the 
local institutional review board. Demographic data, cere- 
brovascular risk factors, prior medical history and medical 
therapy, clinical data, and relevant laboratory data were 
collected from this prospective registry by the investigators. 
Stroke severity was measured using the National Institutes 
of Health Stroke Scale (NIHSS) and assessed by certified 
medical staff from the institution (15). The exclusion criteria 
were predefined as the lack of data for onset-to-treatment 
time, admission NIHSS score or neuroimaging scans. 

Intravenous thrombolysis was administered in accordance 
with an institutional protocol, which was based on the 
National Institute of Neurological Disorders and Stroke 
(NINDS) trial and the European Cooperative Acute Stroke 
Study-3 (ECASS-3) trial (16,17). Informed consent was 
obtained from all patients or their proxy. NIHSS was assessed 
every 15 minutes during infusion, every hour during the first 
6 hours, and every 6 hours during the first 48 hours after 
treatment. The monitoring and control of blood pressure were 
performed according to the Brazilian Consensus for the 
Thrombolysis in Acute Ischemic Stroke, which uses the same 
monitoring strategy and blood pressure thresholds for 
intervention as the NINDS trial protocol and the American 
Stroke Association guidelines for the early management of 
adults with acute stroke (18,16,19). The Brazilian protocol 
includes sodium nitroprusside and metoprolol as optional 
drugs for blood pressure control because labetalol, intrave- 
nous nicardipine, and nitropaste are not widely available in 
Brazil. In our hospital, sodium nitroprusside and metoprolol 
were used for blood pressure control. A control brain 
computed tomography scan was obtained 24 to 48 hours after 
treatment or immediately for neurological deterioration. All 
protocol violations were reviewed and registered by the main 
investigators. The results from our institution were compared 
with those of the Safe Implementation of Thrombolysis in 
Stroke - International Stroke Thrombolysis Registry (SITS- 
ISTR), which was published after the ECASS-3 trial and in- 
cluded patients within the 4.5-hour window of treatment (20). 

Image review 

All of the images were independently reviewed by the 
main investigators (PTC, BLS, and FAD). When present, 



intracranial hemorrhages were categorized according to the 
ECASS classification system (hemorrhagic infarction (HI) 
type 1, HI type 2, parenchymal hematoma (PH) type 1, and 
PH type 2) (21). In the event of disagreement between 
investigators, images were further reviewed by an experi- 
enced stroke neurologist (OMP) for consensus. SIH was 
defined as any intracranial hemorrhage associated with an 
increase of 4 points or more on the NIHSS score or death, 
according to the criteria applied in the ECASS-2 trial (22). 

Statistical analysis 

In the univariate analysis, Fisher's exact test was used for 
categorical data, and Wilcoxon's rank-sum test was used for 
quantitative data. A forward stepwise logistic regression 
analysis was used to identify the independent predictors 
of SIH among the variables with a p-value<0.1 in the 
univariate analysis. The Spearman correlation coefficient 
(rs) was used to evaluate the correlations between quanti- 
tative variables. All of the statistical analyses were 
performed with the SPSS package (version 15.0 for 
Windows; Chicago, Illinois, USA). 

RESULTS 

Between May 2001 and April 2010, 117 consecutive 
patients with acute ischemic stroke were treated with IV 
TPA in the emergency department of our institution. Four 
patients were excluded from the current analysis because 
relevant data regarding treatment were unavailable. None 
of those patients had SIH. The mean age in the remaining 
sample was 63 + 12.8 years old. The median onset-to- 
treatment time was 188 minutes [interquartile range 
(IR) = 155-227]. This median onset-to-treatment time was 
higher than the SITS-ISTR <3 h cohort [140 (IR = 114-165); 
p<0.001] and lower than the 3-4.5 h cohort [205 (IR=190- 
229); p = 0.048]. Five (4.4%) patients received IV TPA within 
90 minutes, 47 (41.6%) from 91-180 minutes, 51 (45.1%) from 
181-270 minutes, and 10 (8.8%) after 270 minutes. The 
median admission NIHSS score was 16 (IR = 10-20). Our 
sample had more severe strokes than the SITS-ISTR in both 
treatment cohorts [<3 h cohort: 12 (IR = 7-17), p<0.001; 3- 
4.5 h cohort: 10 (IR = 6-15), p<0.001]. Twenty-eight (24.8%) 
patients had an NIHSS score equal to or less than 10, 60 
(53.1%) from 11-20, 19 (16.8%) from 21-30, and six (5.3%) 
scored greater than 30. The demographic characteristics and 
clinical and laboratory data at the time of admission are 
shown in Table 1. Our sample had more prior stroke events 
and concurrent comorbidities and higher admission blood 
pressure than the SITS-ISTR. SIH occurred in 7 patients 
(6.2%), which were categorized as 2 PH-1 and 5 PH-2. SIH 
was related to in-hospital death (p = 0.005). Using the same 
ECASS-2 definition for SIH, we did not observe more 
hemorrhages compared with the SITS-ISTR (6.2% vs. 4.9%; 
p = 0.505). 

Some patients received IV TPA despite having protocol 
violations: nine patients (8.0%) were older than 80 years old; 
ten (8.8%) patients received IV TPA after 270 minutes; and 
six (5.3%) patients had glycemia levels equal to or greater 
than 400 mg/ dL. None of the patients above 80 years old 
suffered an SIH. One of the six patients with glycemia levels 
above 400 mg/dL suffered an SIH (16.6%; SIH in patients 
with glycemia <400 mg/dL: 5.4%; p = 0.325). Five patients 
with NIHSS scores between 11-20, two patients with scores 
between 21 and 30, and none of the patients with scores 
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Table 1 - A comparative analysis of patient demographic, 
medical history, and clinical and laboratory data. 





Present study 


SITS-ISTR 


p-value 


Female sex 


47.8% 


39.7% 


0.083 


Hypertension 


80.5% 


59.2% 


0.007 


Diabetes mellitus 


31.9% 


16.0% 


<0.001 


Hyperlipidemia 


21.2% 


35.1% 


0.002 


Obesity 


23.9% 


NA 


- 


Smoking 


28.3% 


25.6% 


0.517 


Alcohol abuse 


17.7% 


NA 


- 


Atrial fibrillation 


16.8% 


22.9% 


0.144 


Congestive heart 


15.0% 


7.6% 


0.007 


failure 








Ischemic heart disease 


16.8% 


NA 


" 


Prior stroke 


18.6% 


10.3% 


0.003 


Chagas' disease 


5.3% 


NA 


- 


Current aspirin use 


29.2% 


29.4% 


0.999 


Current warfarin use 


6.2% 


NA 




Current statin use 


8.8% 


NA 




SBP (mmHg) 


156 (140-180) 


<3 h = 150 (136-165) 


p = 0.007 






3-4.5 h = 150 (136-166) 




DBP (mmHg) 


90 (80-104) 


<3 h = 81 (74-90) 


p<0.001 






3-4.5 h = 80 (74-90) 


p<0.001 


NIHSS 


16 (10-20) 


<3 h = 12 (7-17) 


p<0.001 






3-4.5 h = 10 (6-15) 


p<0.001 


Glycemia (mg/dL) 


114 (101-162) 


<3 h = 117 (102-140) 


p = 0.011 






3-4.5 h = 1 17 (103-142) 


p = 0.011 



SITS-ISTR: Safe Implementation of Thrombolysis in Stroke-International 
Stroke Thrombolysis Registry. NA: not available. SBP: systolic blood 
pressure at the time of admission. DBP: diastolic blood pressure at the 
time of admission. NIHSS: National Institutes of Health Stroke Scale. 
Categorical variables are shown as relative frequencies (%). Numerical 
variables are shown as medians (interquartile range). 

greater than 30 or less than 11 experienced an SIH. Three 
patients with an onset-to-needle time between 91 and 180 
minutes and four patients with an onset-to-needle time 
between 181 and 270 minutes had an SIH. SIH did not occur 
among patients treated within 90 minutes or after 270 
minutes. 

Ten patients were taking statins at the time of admission, 
and three of the ten patients suffered an SIH. Patients 
currently using statins were more likely to have hyperlipi- 
demia (p<0.001) and congestive heart failure (p = 0.042). In 
the univariate analysis, prior statin use was associated with 
SIH, and there was a trend toward an association between 
greater stroke severity and SIH (Table 2). After the multi- 
variate analysis, the prior use of statins was the only factor 
independently associated with SIH (OR = 3.8; 95% confi- 
dence interval: 2.5-8.2; p<0.001). 

DISCUSSION 

In this series of acute ischemic stroke patients treated with 
IV TPA in a single public university hospital of Brazil, we 
observed no increase in the SIH occurrence compared with 
the more recent data from the SITS-ISTR. Our patients had 
severe neurological deficits and a late onset-to-needle time. 
Patients with SIH had greater NIHSS scores at the time of 
admission, although this difference did not reach statistical 
significance. We found no association between SIH and age 
greater than 80 years old or onset-to-treatment time. Prior 
use of statins was the only factor independently associated 
with SIH. 

A large pooled analysis of the main trials of IV TPA in 
acute ischemic stroke did not show a correlation between 



Table 2 - Univariate analysis. 





No SIH (n = 106) 


SIH (n = 7) 


P - Veil U6 


Male sex 


55 (51.9%) 


4 (57.1%) 


0.999 


Age 


63.0+13.1 


62.9 + 7.6 


0.979 


NIHSS* 


15 (10-20) 


19 (16-22) 


0.083 


Onset-to-treatment* 


185 (155-227) 


190 (100-227) 


0.560 


Hypertension 


85 (80.2%) 


6 (85.7%) 


0.999 


Diabetes 


35 (33.0%) 


1 (14.3%) 


0.428 


High cholesterol 


21 (19.8%) 


3 (42.9%) 


0.164 


Smoking 


31 (29.2%) 


1 (14.3%) 


0.671 


Alcohol abuse 


20 (18.9%) 


Zero 


0.350 


Prior stroke 


20 (18.9%) 


1 (14.9%) 


0.999 


Atrial fibrillation 


18 (17.0%) 


1 (14.9%) 


0.999 


Chagas' disease 


6 (5.7%) 


Zero 


0.999 


Congestive heart failure 


16 (15.1%) 


1 (14.9%) 


0.999 


Ischemic heart disease 


19 (17.9%) 


Zero 


0.599 


Obesity 


26 (24.5%) 


1 (14.9%) 


0.999 


Aspirin use 


32 (30.2%) 


1 (14.9%) 


0.671 


Warfarin use 


7 (6.6%) 


Zero 


0.999 


Statin use 


7 (6.6%) 


3 (42.9%) 


0.015 


SBP (mmHg) 


160.5 + 34.2 


157.1 ±27.3 


0.800 


DBP (mmHg) 


91.2 + 22.8 


97.0±18.0 


0.543 


Glycemia (mg/dL) 


142.9 ±64.3 


101.3±35.3 


0.121 



SIH: symptomatic intracranial hemorrhage. NIHSS: National Institutes of 
Health Stroke Scale. SBP: systolic blood pressure at the time of admission. 
DBP: diastolic blood pressure at the time of admission. Categorical 
variables are expressed as events (percentage). Numerical variables are 
expressed as the mean ± standard deviation. *Expressed as median 
(interquartile range). 

onset-to-needle time and SIH occurrence (23). In the NINDS 
trial, elevated NIHSS scores predicted SIH (14), but the 
ECASS-2 results did not confirm this association (4). 
Although IV TPA seems to remain equally safe for ischemic 
stroke treatment throughout the 4.5-hour treatment win- 
dow, its functional benefit decreases with prolonged onset- 
to-needle time (23-25). More than half of our sample was 
treated after 3 hours of symptom onset, and few patients 
received IV TPA in the first 'golden hour'. In the last decade, 
a hierarchical network between emergency units has been 
implemented in the Brazilian emergency care systems. 
However, this referral network was not specifically 
designed for acute stroke care, and there were no unified 
multi-institutional protocols. We believe that this lack may 
have contributed to delays in acute stroke recognition and 
referral to our hospital in the first years of implementation 
of this emergency network. More recently, there has been an 
important endeavor (with major input from stroke neurol- 
ogists) to improve pre-hospital care and organize regional 
stroke networks in Brazil (26). 

Although we may conclude that acute stroke thrombo- 
lysis can be safely performed, even in severe patients treated 
within a rather late treatment window, the true efficacy of 
IV TPA in this setting is most likely less beneficial. There are 
striking demographic disparities among Brazilian regions, 
and nationwide clinical registries are necessary to address 
this issue (27). Fortunately, the Safe Implementation of 
Thrombolysis in Stroke - Iberoamerican Cerebrovascular 
Diseases Society (SITS-SIECV) Stroke Registry has been 
recently created and will show broader results about the 
safety and efficacy of IV TPA use for stroke treatment in 
Latin America. 

We observed a high frequency of baseline comorbidities 
in our sample. Indeed, our patients were more likely to have 
arterial hypertension, diabetes, dyslipidemia, heart disease 
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and higher blood pressure at the time of admission compared 
with the patients in the SITS-ISTR. Nevertheless, this profile 
was not related to a more frequent SIH occurrence in this 
study. Prior diabetes and congestive heart failure have been 
associated with SIH in some studies, but this association has 
not been consistently confirmed by others (5). The presence of 
severe comorbidities may be a surrogate marker for more 
critical underlying strokes and also suggests an important 
opportunity to reduce stroke recurrence. 

The effect of prior statin use on SIH occurrence in acute 
ischemic stroke patients treated with recanalization therapies 
is controversial. The prolonged use of statins and low 
cholesterol levels have been associated with an increased 
risk of spontaneous hemorrhagic stroke, although a clear 
explanation for such an association has not been fully 
established (28). This relationship may be due to non-lipid- 
related effects. In clinical and experimental studies, statins 
have been observed to have anti-thrombotic and pro- 
fibrinolytic effects (29,30). HMG-CoA reductase inhibitors 
decrease platelet aggregation and reduce fibrinogen and 
prothrombin levels and their conversion to active forms 
(31,32). A positive relationship between prior statin use and 
SIH in intra-arterial thrombolysis-treated patients has been 
reported (33). However, there was no relationship between 
prior statin use and SIH or good functional outcome in a large 
prospective cohort of acute ischemic stroke patients treated 
with IV TPA (34). One study including patients treated with 
IV TPA, intra-arterial thrombolysis and endovascular embo- 
lectomy found that lower admission low-density lipoprotein 
levels but not prior statin use were related to SIH (35). 
Recently, a large pooled analysis found that statin users had 
more ECASS2-defined SIH, although this positive association 
was no longer significant after a multivariate analysis and 
adjustment for imbalances between the groups of statin users 
and non-statin users (36). These conflicting results could be 
related to ethnic disparities between the populations of these 
studies. In fact, it has been shown that ethnicity may have 
striking effects on statin pharmacokinetics (37). We believe 
that further studies would be necessary to answer this 
controversy. 

The main limitations of our study include its small sample 
size and its single-center and retrospective design. The fact 
that variables such as age and stroke severity were not 
significantly related to SIH may be due to low study power 
because there were only seven hemorrhages. Larger studies 
are required before conclusions on the relationships between 
clinical variables and SIH can be drawn. Additionally, the 
blood pressure values during the first 48 hours after treat- 
ment were not assessed, and an imbalance of adequate blood 
pressure control between the subgroups is possible. We were 
also not able to retrieve cholesterol levels before or during the 
acute phase of stroke in many patients, and this precluded 
the analysis of the relationship between cholesterol levels and 
SIH. Furthermore, it is probable that our results may not 
reflect the acute stroke treatment conditions in other regions 
of Brazil. 

Intravenous thrombolysis remains one of the few medical 
therapies for acute ischemic stroke. Nevertheless, few 
patients admitted to emergency departments receive 
thrombolytic treatment in developing countries. Scarce lay 
knowledge about stroke symptoms, ineffective health 
coverage and non-organized stroke care are contributing 
to this scenario (2,7,12). In fact, only recently has alteplase 
been reimbursed in the public health system in Brazil. 



Nevertheless, important efforts for the promotion of public 
stroke awareness and the organization of national and 
regional stroke networks in Brazil have already shown 
positive and promising results, with a reduction in stroke 
rate and mortality (38). 

In this study, we found that, despite the increased 
severity of strokes and delayed admissions, acute stroke 
treatment with IV TPA can be safely performed in Brazil 
without an increased risk of SIH. In severe, late-treated 
patients with acute stroke, statin use may be associated with 
the occurrence of SIH. However, further studies are 
necessary to clarify this association. 

AUTHOR CONTRIBUTIONS 

Cougo-Pinto PT contributed to the methodological planning, data 
collection and analysis, image review, critical review of the results, and 
manuscript development and review. Santos BL and Dias FA contributed 
to the data collection, image review, and manuscript review. Fabio SR, 
Werneck IV and Camilo MR contributed to the data collection and 
manuscript review. Abud DG and Leite JP participated in the critical 
review of the results and manuscript development and review. Pontes-Neto 
OM contributed to the methodological planning, image review, data 
analysis, critical review of the results, and manuscript development and 
review. 

REFRENCES 

1. World Health Organization: The World Health Report 2003: shaping the 
future. World Health Organization, Geneva (2003). 

2. Pontes-Neto OM, Silva GS, Feitosa MR, de Figueiredo NL, Fiorot JA Jr, 
Rocha TN, et al. Stroke awareness in Brazil: alarming results in a 
community-based study. Stroke. 2008;39(2):292-6, http://dx.doi.org/ 
10.1161/STROKEAHA.107.493908. 

3. Caplan LR: Stroke thrombolysis: slow progress. Circulation 2006;114(3): 
187-90. 

4. Larrue V, von Kummer R, Mueller A, Bluhmki E. Risk Factors for Severe 
Hemorrhagic Transformation in Ischemic Stroke Patients Treated With 
Recombinant Tissue Plasminogen Activator: A Secondary Analysis of the 
European-Australasian Acute Stroke Study (EC ASS II). Stroke. 
2001;32(2):438-41, http://dx.doi.Org/10.1161/01.STR.32.2.438. 

5. Lansberg MG, Albers GW, Wijman CA. Symptomatic intracerebral 
hemorrhage following thrombolytic therapy for acute ischemic stroke: a 
review of the risk factors. Cerebrovasc Dis. 2007;24(1):1-10, http:// 
dx.doi.org/10.1159/000103110. 

6. Lotufo PA, De Lolio CA. Trends of mortality from cerebrovascular 
disease in the state of Sao Paulo: 1970 to 1989. Arq Neuropsiquiatr. 
1993;51(4):441-6, http://dx.doi.org/10.1590/S0004-282X1993000400003. 

7. Lavados PM, Hennis AJM, Fernandes JG, Medina MT, Legetic B, Hoppe 
A, et al. Stroke epidemiology, prevention, and management strategies at 
a regional level: Latin America and the Caribbean. Lancet Neurol. 
2007;6(4):362-72, http://dx.doi.org/10.1016/S1474-4422(07)70003-0. 

8. Mansur AP, do Souza MFM, Favarato D, Avakian SD, Cesar LAM, 
Aldrigui JM et al. Stroke and ischemic heart disease mortality trends in 
Brazil from 1979 to 1996. Neuroepidemiology. 2003;22(3):179-83, http:// 
dx.doi.org/10.1159/000069893. 

9. Cabral NL, Goncalves AR, Longo AL, Mora CH, Costa G, Amaral CH, 
et al. Incidence of stroke subtypes, prognosis and prevalence of risk 
factors in Joinville, Brazil: a 2 year community based study. J Neurol 
Neurosurg Psychiatry. 2009;80(7):755-61, http://dx.doi.org/10.1136/ 
jnnp.2009.172098. 

10. Leopoldino JF, Fukujima MM, Silva GS, do Prado GF. Time of 
presentation of stroke patients in Sao Paulo Hospital. Arq 
Neuropsiquiatr. 2003;61(2A):186-7, http://dx.doi.org/10.1590/S0004- 
282X2003000200005. 

11. Conforto AB, Paulo RB, Patroclo CB, Pereira SL, Miyahara Hde S, 
Fonseca CB, et al. Stroke management in a university hospital in the 
largest South American city. Arq Neuropsiquiatr. 2008;66(2B):308-11, 
http://dx.doi.org/10.1590/S0004-282X2008000300004 

12. De Carvalho JJ, Alves MB, Viana GA, Machado CB, Dos Santos BF, 
Kanamura AH, et al. Stroke epidemiology, patterns of management, and 
outcomes in Fortaleza, Brazil: a hospital-based multicenter prospective 
study. Stroke. 2011;42(12):3341-6, http://dx.doi.org/10.1161/STROKE 
AHA.111.626523. 

13. Pontes-Neto OM, Silva GS, Feitosa MR, de Figueiredo NL, Fiorot JA Jr, 
Rocha TN, et al. Stroke awareness in Brazil: alarming results in a 
community-based study. Stroke. 2008;39(2):292-6, http://dx.doi.org/ 
10.1161/STROKEAHA.107.493908. 



742 



CLINICS 2012;67(7):739-743 



Brain hemorrhage after IV TPA 
Cougo-Pinto PT et al. 



14. Intracerebral hemorrhage after intravenous t-PA therapy for ischemic 
stroke. The NINDS t-PA Stroke Study Group. Stroke. 1997;28(11):2109-18. 

15. Cincura C, Pontes-Neto OM, Neville IS, Mendes HF, Menezes DF, 
Mariano DC, et al. Validation of the National Institutes of Health Stroke 
Scale, modified Rankin Scale and Barthel Index in Brazil: the role of 
cultural adaptation and structured interviewing. Cerebrovasc Dis. 
2009;27(2): 119-122, http://dx.doi.org/10.1159/000177918. 

16. Tissue plasminogen activator for acute ischemic stroke. The National 
Institute of Neurological Disorders and Stroke rt-PA Stroke Study 
Group. N Engl J Med. 1995;333(24):1581-7. 

17. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, et al. 
Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N 
Engl J Med. 2008;359(1 3): 1317-29. 

18. Brazilian consensus for the thrombolysis in acute ischemic stroke. Arq 
Neuropsiquiatr. 2002;60{3-A):675-80. 

19. Adams HP, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Furlan A et al. 
Guidelines for the early management of adults with ischemic stroke: a 
guideline from the American Heart Association/ American Stroke 
Association Stroke Council, Clinical Cardiology Council, Cardiovascular 
Radiology and Intervention Council, and the Atherosclerotic Peripheral 
Vascular Disease and Quality of Care Outcomes in Research 
Interdisciplinary Working Groups: the American Academy of Neurology 
affirms the value of this guideline as an educational tool for neurologists. 
Stroke. 2007;38{5): 1655-711, http://dx.doi.org/10.1161/STROKEAHA. 
107.181486. 

20. Ahmed N, Wahlgren N, Grond M, Hennerici M, Lees KR, Mikulik R, et al. 
Implementation and outcome of thrombolysis with alteplase 3^£-5 h after 
an acute stroke: an updated analysis from SITS-ISTR. Lancet Neurol. 
2010;9(9):866-874, http://dx.doi.org/10.1016/S1474-4422{10)70165-4. 

21. Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, von Kummer R, et al. 
Intravenous thrombolysis with recombinant tissue plasminogen activa- 
tor for acute hemispheric stroke: the European Cooperative Acute 
Stroke Study (ECASS). JAMA. 1995;274{13):1017-25, http://dx.doi.org/ 
10.1001/jama.l995.03530130023023. 

22. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier D, et al. 
Randomised double-blind placebo-controlled trial of thrombolytic 
therapy with intravenous alteplase in acute ischaemic stroke (ECASS 
II). Second European- Australasian Acute Stroke Study Investigators. 
Lancet. 1998;352(9136):1245-51, http://dx.doi.org/10.1016/S0140- 
6736(98)08020-9. 

23. Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, et al. 
Time to treatment with intravenous alteplase and outcome in stroke: an 
updated pooled analysis of ECASS, ATLANTIS, NINDS, and EPITHET 
trials. Lancet. 2010;375(9727):1695-703, http://dx.doi.org/10.1016/ 
S0140-6736(10)60491-6. 

24. Marler JR, Tilley BC, Lu M, Brott TG, Lyden PC, Grotta JC, et al. Early 
stroke treatment associated with better outcome: the NINDS rt-PA stroke 
study. Neurology. 2000;55(ll):1649-55, http://dx.doi.org/10.1212/ 
WNL.55.11.1649. 

25. Lansberg MG, Schrooten M, Bluhmki E, Thijs VN, Saver JL. Treatment 
time-specific number needed to treat estimates for tissue plasminogen 



activator therapy in acute stroke based on shifts over the entire range of 
the modified Rankin Scale. Stroke. 2009;40(6):2079-84, http:// 
dx.doi.org/10.1161/STROKEAHA.108.540708. 

26. Hachinski V, Donnan GA, Gorelick PB, Hacke W, Cramer SC, Kaste M, 
et al. Working Toward a Prioritized World Agenda. Stroke. 
2010;41 (6): 1084-99, http://dx.doi.org/10.1161/STROKEAHA.110.586156. 

27. de Carvalho JJ, Alves MB, Viana GA, Machado CB, dos Santos BFC, 
Kanamura AH, et al. Stroke epidemiology, patterns of management, and 
outcomes in Fortaleza, Brazil: a hospital-based multicenter prospective 
study. Stroke. 2011;42(12):3341-6, http://dx.doi.org/10.1161/STROK 
EAHA.111.626523. 

28. Amarenco P, Bogousslavsky J, Callahan A, Goldstein LB, Hennerici M, 
Rudolph AE, et al. High-dose atorvastatin after stroke or transient 
ischemic attack. N Engl J Med. 2006;355(6): 549-59. 

29. Undas A, Brummel KEMann KG. Statins and blood coagulationArterioscler 
Thromb Vase Biol. 2005;25(2):287-94. 

30. Krysiak R, Okopieh BHerman Z,Effects of HMG-CoA reductase inhibitors 
on coagulation and fibrinolysis processes. Drugs. 2003;63( 170: 1821-4, 
http://dx.doi.org/10.2165/00003495-200363170-00005. 

31. Ma LP, Nie DN, Hsu SX, Yin SM, Xu LZ, Nunes JV. Inhibition of platelet 
aggregation and expression of alpha granule membrane protein 140 and 
thromboxane B2 with pravastatin therapy for hypercholesterolemia. J 
Assoc Acad Minor Phys. 2002;13:23-26. 

32. Undas A, Brummel KE, Musial J, Mann KG, Szczeklik A. Simvastatin 
depresses blood clotting by inhibiting activation of prothrombin, factor 
V, and factor XIII and by enhancing factor Va inactivation. Circulation. 
2001;103(18):2248-53, http://dx.doi.org/10.1161/01.CIR.103.18.2248. 

33. Meier N, Nedeltchev K, Brekenfeld C, Galimanis A, Fischer U, Findling O, 
et al. Prior statin use, intracranial hemorrhage, and outcome after intra- 
arterial thrombolysis for acute ischemic stroke. Stroke. 2009;40(5): 1729-37, 
http://dx.doi.org/10.1161/STROKEAHA.108.532473. 

34. Miedema I, Uyttenboogaart M, Koopman K, De Keyser J, Luijckx GJ. 
Statin use and functional outcome after tissue plasminogen activator 
treatment in acute ischaemic stroke. Cerebrovasc Dis. 2010;29(3):263-7, 
http://dx.doi.org/ 10.1 159 /000275500. 

35. Bang OY, Saver JL, Liebeskind DS, Starkman S, Villablanca P, Salamon 
N, et al. Cholesterol level and symptomatic hemorrhagic transformation 
after ischemic stroke thrombolysis. Neurology. 2007;68(10):737-42, 
http://dx.doi.org/10.1212/01.wnl.0000252799.64165.d5. 

36. Engelter ST, Soinne L, Ringleb P, Sarikaya H, Bordet R, Berrouschot J, 
et al. IV thrombolysis and statins. Neurology. 2011;77(9):888-95, http:// 
dx.doi.org/10.1212/WNL.0b013e31822c9135. 

37. Lee E, Ryan S, Birmingham B, Zalikowski J, March R, Ambrose H, et al. 
Rosuvastatin pharmacokinetics and pharmacogenetics in white and 
Asian subjects residing in the same environment. Clin Pharmacol Ther. 
2005;78(4):330-41, http://dx.doi.Org/10.1016/j.clpt.2005.06.013. 

38. Cabral NL, Goncalves ARR, Longo AL, Moro CHC, Costa G, Amaral CH, 
et al. Trends in stroke incidence, mortality and case fatality rates in 
Joinville, Brazil: 1995-2006. J Neurol Neurosurg Psychiatry. 2009;80(7):749- 
54, http://dx.doi.org/10.1136/jnnp.2008.164475. 



743 



